Abstract. Analysis of large scale -omics data based on a single tool remains inefficient to reveal molecular basis of cellular events. Therefore, data integration from multiple heterogeneous sources is highly desirable and required. In this study, we developed a data-and model-driven hybrid approach to evaluate biological activity of cellular processes. Biological pathway models were taken as graphs and gene scores were transferred through neighbouring nodes of these graphs. An activity score describes the behaviour of a specific biological process was computed by flowing of converged gene scores until reaching a target process. Biological pathway model based approach that we describe in this study is a novel approach in which converged scores are calculated for the cellular processes of a cyclic pathway. The convergence of the activity scores for cyclic graphs were demonstrated on the KEGG pathways.
Introduction
behaviour of several genes under particular conditions. A microarray data analysis method initially generates lists of significant genes hopefully related with the particular condition of the experiment. Researchers focus on integrating biological pathways and gene lists to associate genes to a specific cellular process. Biological pathways represent several experimental interactions in the form of graphs. The vertices and edges of these graphs represent genes/molecules and relations between genes/molecules, respectively. Several tools have been developed to visualize microarray data by considering existing biological pathways [1] [2] [3] . Generally, these pathway analysis tools identify significant genes or pathways based on traditional statistical tests. However, the analysis capacity of such tools depends on the initially identified differentially expressed gene set. Moreover, existing tools do not integrate individual gene information with pathway models to provide more biologically significant results.
In our previous study, we integrated transcriptome data to evaluate acyclic signaling cascades under the control of specific biological process [4] . In this study, we describe a hybrid approach integrating large scale data (microarray i gene expression and ChIP-seq) to quantitatively assess paths in a cyclic pathway under the control of a biological process. We use the integrated data as the attribute of a node and we transfer this attribute to en route of the cyclic pathway as scores which explain the current activity of analyzed pathway. Our main contribution in this study is to assess biological activity of cyclic pathways by developing a linear-time graph cascading algorithm combined with a rank product gene scoring method.
Material and Methods
The proposed approach is made up of two main stages: data integration and pathway scoring (Figure 1 ). In the data integration stage, we perform the integration of large scale heterogeneous transcriptome data. For this purpose, ChIP-seq and microarray gene expression data both performed on HeLa cells under control and oxidative stress conditions were selected from public databases [5, 6] . After performing raw data analysis, we assign a rank measure for the genes both from ChIP-seq and microarray data. For this purpose, we ordered these genes by sorting their read counts and fold-change measurements in the ascending order. These individual ranking scores of genes were integrated by taking their rank products [7] . These scores are used as integrated gene scores in the rest of the analysis. In the pathway scoring stage, several signaling cascades from KEGG PATH-WAY database are used as the models of our method. An activity score for a biological process in a pathway is computed by using flow mechanism of integrated gene scores. For this purpose, a KEGG pathway is converted into a directed graph G = (V, E) by using KGML files. A node in the graph represents gene product, or target process linking current signal to another pathway. The edges represent the relations (i.e., activation or inhibition) between the nodes. In G, let outAdj(x) denote the out-adjacency list of node x, that is
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